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DESCRIPTION 



SEMICONDUCTOR LIGHT RECEIVING ELEMENT AND OPTICAL 
. TRANSMISSION DEVICE 

TECHNICAL FIELD 

The present invention relates to a semiconductor 
light receiving element and an optical transmission device 
that are used in fields such as an optical communications 



BACKGROUND ART 

In recent years, in order to expand and enhance 
the information service network, the cost lowering has been 
desired in the optical communications field also. The key 
to constructing a low cost optical communications system is 
cost lowering of an optical module for converting an 
optical signal to an electrical signal and the electrical 
signal to the optical signal. This requires an optical 
device that can be integrated on the same substrate by a 
simple implementing system. 



diode, a light modulator, an optical switch and so on, 
generally have an edge emitting/ incidence type structure 
and thus receives and emits light in a direction parallel 
to the substrate surface. On the other hand, semiconductor 
light receiving elements are generally of surface light 
receiving type or surface illuminated type that receive a 
light signal from a direction perpendicular to the 



field. 



Optical devices, typically a semiconductor laser 



substrate surface plane. Accordingly , since surface light 
receiving type semiconductor light receiving elements 
differ from other optical devices in the receiving and 
emitting direction of the light, they are poor in terms of 
5 coherence with other devices from viewpoint of integration. 

On the other hand, there has been conventionally 
known an edge emitting/incidence type semiconductor light 
receiving element that has been disclosed in, for example, 
JP-A-64-9057 0 and has a good coherence with other optical 

10 devices. However, in the edge emitting/incidence type 

semiconductor light receiving elements, due to the struc- 
ture thereof, the positional relationship between an 
emitting position of the light from an optical device and a 
light receiving surface of the semiconductor light receiv- 

15 ing element depends on a sensitivity of the light receiving 
element exceedingly. On account of this, in the passive 
type alignment, means is said to be required that allows a 
position of the edge emitting/incidence type semiconductor 
light receiving element to be measured on the optical 

20 devices with a high accuracy. 

In the above-described prior art, when the edge 
emitting/incidence type semiconductor light receiving 
element is mounted on an optical device, markers are formed 
on the optical device side of the light receiving element 

25 and at the optical device part. Then, using light that is 
capable of transmitting through the both, i.e., for 
example, light with a wavelength of around 1.3 /zm, 
positions of the respective markers are detected, thereby 



executing the positioning of the edge emitting/incidence 
type semiconductor light receiving element on the optical 
device. 

However, in the case of light receiving elements 
for receiving light of about 1.3 to 1.6 JULm that are 
frequently used in fields such as the optical communica- 
tions, the transmitted light with the wavelength of around 
1.3 //m is absorbed at the light receiving layer. This 
makes it difficult to detect the positions of the markers 
that serve as a guide for positioning. 

An object of the present invention is to provide 
a semiconductor light receiving element that facilitates 
the positioning thereof at the time when the semiconductor 
light receiving element having an absorbing layer of an 
arbitrary wavelength is mounted on an optical device, and a 
fabricating method thereof. 

Also, another object of the present invention is 
to provide a low cost optical module or an optical trans- 
mission device on which the above-described semiconductor 
light receiving element according to the present invention 
is mounted as a signal receiving element or as a monitoring 
element of semiconductor laser light. 

DISCLOSURE OF THE INVENTION 

In order to accomplish the above-identified 
objects, an optical element according to the present 
invention includes a light absorbing layer and is to be 
mounted on a specific position of a certain member by 
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positioning it to the specific position by irradiating the 
element with light having a wavelength range at least a 
part of which may be absorbed by the light absorbing layer 
and detecting a transmitted light , wherein a region which 
5 does not include the light absorbing layer and which has a 
higher transmission rate for the irradiation light than the 
remaining region so as to be identifiable in terms of its 
position is provided within a 2 -dimensional projected 
region of the optical element projected onto a plane which 

10 is generally parallel to a plane on which the optical 
element is to be mounted • 

Also, in order to accomplish the above-described 
objects, a light receiving element according to the present 
invention includes a light absorbing layer and is to be 

15 mounted on a substrate which in turn includes another 

optical device, wherein a part of the light absorbing layer 
facing a portion of at least the substrate out of the 
substrate and light receiving element which functions as a 
positioning marker is removed, 

20 More concretely, as illustrated in, for example, 

FIG. 1, an edge emitting/ incidence type semiconductor light 
receiving element is provided that has a light absorbing 
layer 19 sandwiched between an upper 2nd core layer 18 and 
a lower 2nd core layer 20 and between an upper clad layer 

25 17 and a lower clad layer 21, wherein the edge emitting/ 
incidence type semiconductor light receiving element has a 
marker detecting space region (a positioning region) 24 for 
measuring a positioning marker 23 on an optical device on 
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which the edge emitting/incidence type semiconductor light 
receiving element is mounted. Here, a portion in FIG. 1 at 
which a signal light 11 and the light absorbing layer 19 
are in contact with each other is a light receiving region 
5 of the edge emitting/ incidence type semiconductor light 
receiving element . 

In the above-described edge emitting/incidence 
type light receiving element according to the present 
invention, as illustrated in, for example, FIG. 4, when the 

10 light absorbing layer 19 is formed, the crystal layers are 
selectively grown using a mask or the like so that a light 
absorbing layer 19 in the light receiving region remains 
present and a portion of the light absorbing layer 19 
facing the positioning marker 23 on the optical device is 

15 vacated (not formed), thereby forming the space region 24 
for detecting the marker 23. The light transmission rate 
of the illumination light (hereinafter, referred to as 
detection light), which is radiated and transmits through 
the marker detecting space region 24 so as to detect the 

20 positioning marker 23, is configured to exceed, for 

example, 30% of the detection light with which the edge 
emitting/incidence type light receiving element is 
irradiated. 

According to the above-described edge emitting/ 
25 incidence type light receiving element of the present 

invention, attenuation due toVhe light absorbing layer 19 
of the positioning detection light radiated from below is 
extremely small as compared with\the case where the light 
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absorbing layer 19 remain^ present. This makes it easier 
to observe the marker 23 through the light receiving 
element, despite that the maker 23 on the optical device is 
shadowed by the edge emitting/ incidence type light receiv- 
5 ing element , thereby enhancing the production efficiency. 

Also, according to the above-described edge 
emitting/incidence type light receiving element of the 
present invention, since mounting accuracy on an optical 
module substrate 2 6 is also enhanced, the light receiving 

10 efficiency is enhanced as well. By virtue of this, the 
edge emitting/incidence type light receiving element 
according to the invention may be configured such that an 
edge emitting/incidence type light receiving element 31 
according to the invention is integrated on a substrate 37 

15 having a V shaped groove for securing an optical fiber 38, 
without optical lenses, so as to be used as a signal 
receiving element or as a monitoring element for a semicon- 
ductor laser diode 41, as shown in Figs. 7 and 8. 

Also, as shown in Fig. 9, by using a passive 

20 alignment method, a signal-receiving edge emitting/ 

incidence type light receiving element 55 according to the 
present invention may be integrated on a V-shaped groove 
substrate 54 having an optical fiber 52 for an incident 
light signal. Moreover, a preamplifier IC 56 may also be 

25 mounted and, in addition, they may be packaged with a base 
53 and a cap 51 made of ceramic or resin. Instead of using 
the base 53 and the cap 51, a resin transfer molding may be 
employed. 
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Also, an edge emitting/incidence type light 
receiving element according to the invention may be used in 
a light sending module in which the light receiving element 
is used for monitoring a semiconductor laser or edge 
5 emitting/ incidence type light receiving elements according 
to the invention may be used in a light sending/receiving 
module in which one of the elements used for reception and 
the other used for monitoring a semiconductor laser are 
respectively mounted on a same substrate. 

10 Furthermore, as illustrated in FIG. 10, an 

optical module 64 in which an edge emitting/incidence type 
light receiving element according to the present invention 
is mounted and is equipped with an optical fiber 63, and an 
electronic circuit such as a signal-receiving IC 61, may be 

15 mounted on the same board 62 so as be used as a sending, a 
receiving, or a sending/receiving apparatus in an optical 
transmission system. 

Also, in order to accomplish the above-described 
objects, a method of fabricating an edge emitting/incidence 

20 type semiconductor light receiving element according to the 
invention comprises the steps of sequentially laminating a 
plurality of different thin film layers including a light 
absorbing layer on a substrate, wherein steps of laminating 
the light absorbing layer and subsequent layers include 

25 either prohibiting thin films involved from growing at a 

predetermined region so as to allow the semiconductor light 
receiving element to be adapted to be positioned in place 
or an etching step to remove a portion of the light 



absorbing layer present under a predetermined region so as 
to allow the semiconductor light receiving element to be 
adapted to be positioned in place. 

BRIEF DESCRIPTION OF DRAWINGS 
5 FIG. 1 is a cross sectional view of an edge 

emitting/incidence type light receiving element according 
to an embodiment 1 of the present invention. FIG. 2 is a 
luminance distribution diagram of the edge emitting/ 
incidence type light receiving element according to the 

10 embodiment 1 of the present invention. FIG. 3 is a 
luminance distribution diagram of the edge emitting/ 
incidence type light receiving element according to the 
embodiment 1 of the present invention. FIG. 4 is a cross 
sectional view of the edge emitting/incidence type light 

15 receiving element according to the embodiment 1 of the 

present invention. FIG. 5 is a cross sectional view of the 
edge emitting/incidence type light receiving element 
according to the embodiment 1 of the present invention. 
FIG. 6 is a cross sectional view of the edge emitting/ 

20 incidence type light receiving element according to the 
embodiment 1 of the present invention. FIG. 7 is a 
perspective view for illustrating an entire structure of an 
embodiment 2 according to the present invention. FIG. 8 is 
a perspective view for illustrating an entire structure of 

25 an embodiment 3 according to the present invention. FIG. 9 
is a perspective view for illustrating an entire structure 
of an embodiment 4 according to the present invention. 



FIG. 10 is a perspective view for illustrating an entire 
structure of an embodiment 5 according to the present 
invention. FIG. 11 is a cross sectional view of the edge 
emitting/ incidence type light receiving element according 
to the embodiment 1 of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Referring to the drawings, the explanation will 
be given below concerning embodiments of a light receiving 
element according to the present invention and an apparatus 
including the light receiving element. 

[ Embodiment 1 ] 

FIG. 1 illustrates a cross sectional structure of 
an embodiment according to the present invention in which 
an InGaAlAs series compound semiconductor is used. 

Using a molecular beam epitaxy (MBE) method, the 
basic structure of a semiconductor light receiving element 
according to the present embodiment is formed by sequen- 
tially laminating on a p-InP substrate 16 the n-InAlAs 
upper clad layer 17 in a thickness of 1.0 /zm, the 
n-InGaAlAs upper 2nd core layer 18 in a thickness of 1.5 
>am, the undoped InGaAlAs light absorbing layer 19 in a 
thickness of 1.5 //m, the p-InGaAlAs lower 2nd core layer 2 0 
in a thickness of 1.5 jmm, the p-InAlAs lower clad layer 21 
in a thickness of 0.5 /mm, and a n-InGaAs contact layer 15' 
in a thickness of 0.2 //m. 

Moreover, the semiconductor light receiving 
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element according to the present embodiment includes a p 
type electrode 22 provided adjacent to the n-InGaAs contact 
layer 15 a solder layer 25 for connection with an optical 
device 26 on which the semiconductor element is to be 
5 mounted, a contact layer 15 laminated over the p-InP 
substrate 16 as viewed on the present drawing, a SiN 
insulating film 14, and a n type electrode 13. 

Here, the undoped InGaAlAs light absorbing layer 
19 absorbs the detection light which has the wavelength of 
10 around 1.3 >am and is radiated from below in FIG. 1 at the 
time of, for example, positioning and is transmitted 
through the p-InP substrate 16 so as to detect the marker 
formed on the lower side of the semiconductor light receiv- 
ing element. 

15 To cope with such, in the present embodiment, in 

order to make it possible to detect the marker 23 on the 
side of the optical module substrate 2 6 on which the semi- 
conductor light receiving element is mounted, a mask or the 
like is used at the time of forming the undoped InGaAlAs 

20 light absorbing layer 19, the p-InGaAlAs lower 2nd core 
layer 2 0 and the p-InAlAs lower clad layer 21 so as to 
perform crystal growth in a manner in which the space 
region (the positioning region) 24 from which the undoped 
InGaAlAs light absorbing layer 19 is excluded may be formed 

25 so as to be able to detect the marker 23 on the side of the 
substrate. Alternatively, the respective layers in the 
above-explained structure can be removed by etching or the 
like process after they are laminated, resulting in a 



formation of a similar structure. 

Namely , there is absolutely no necessity of 
adding a new process in order to form the space region 
(hereinafter, referred to as a marker detecting region) 
from which the undoped InGaAlAs light absorbing layer 19 
has been excluded in order to make it possible to detect 
the positioning marker, which is the characteristic struc- 
tural feature of the present invention. It is just enough 
to make a slight modification such as changing the shape of 
the mask so that the marker detecting region of concern may 
be formed in the process carried out conventionally. 

The size of the marker detecting region 24 is 
determined, depending on mounting accuracy needed and 
resolution of an image pickup apparatus used for detecting 
the marker 23. For example, supposing that the mounting 
accuracy required for the semiconductor light receiving 
element relative to the signal light 11 is equal to ±1 jum, 
the measurement accuracy of at least ±0.1 //m becomes 
necessary. As the marker detecting region 24 that allows 
the accuracy to be ensured, a region having a side of 10 //m 
or longer (100 jum 2 ) becomes necessary when the measurement 
of the boundary surface or the center of gravity of the 
marker 23 is executed so as to accomplish the predetermined 
accuracy by using a camera with the resolution of 1 /zm. 

Also, in the case where the semiconductor light 
receiving element has metallized layers 13, 25 which do not 
transmit the detection light therethrough, it becomes 
necessary to secure a region of 100 /zm 2 or larger which is 
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not shadowed when the marker detecting region 24 is 
observed from above. 

The marker 23 is ^easured based on a difference 
between an amount of light transmitting through the non- 
transmitting portion at the edge thereof and an amount of 
light transmitting through the\ transmitting portion at the 
edge thereof when the detection\light is irradiated at the 
time of positioning. However , tne transmitting portion 
does not permits all of the incident light to pass through 
0 but attenuates a part thereof. Here, assuming that a value 
of the contrast at the time when all of the incident light 
passes through is equal to 100% , tha luminance distribution 
in the case of the contrast of 30% is^ as illustrated in 
FIG. 2. 

5 By the way, in order to identify an edge of light 

and dark portions of an optical image obtained by the 
detection light, it is necessary to take into consideration 
an inclination (which depends on the contrast) of the 
luminance distribution in the proximity of the edge and 

0 noise in the luminance. For instance, in a camera for 
measuring near-infrared radiation or neighbor thereof, 
which is frequently used in positioning purpose in 
technical fields to which the present invention is applied, 
noise occurring in the image signal is about 5%. On 

5 account of this, unless the luminance distribution has an 
inclination greater than that within a measurement accuracy 
to be aimed at, it is impossible to satisfy the accuracy 
required. 



In a graph where the position is taken as a 
transverse axis and the luminance is taken as a longitu- 
dinal axis, plotting the luminance distributions in the 
case where the contrast is made to change from 20% to 100% 
results in distributions as illustrated in FIG, 3. Assum- 
ing that the measurement accuracy needed for positioning is 
equal to ±0.1 /zm, from these luminance distributions, the 
contrast needed in the present embodiment becomes equal to 
3 0% or more. 

FIG. 4 illustrates an example of the cross 
sectional structure taken perpendicularly to the signal 
light 11 that includes the marker detecting region 24 in 
FIG. 1. In the present example, there are formed the 
marker detecting regions 24 at two locations, namely, at 
the right and the left with respect to an optical axis of 
the signal light 11 (refer to FIG. 1) incoming from the 
edge of the semiconductor light receiving element. This is 
because the case with only one marker detecting region 24 
makes it difficult to detect an angle within a horizontal 
plane of the semiconductor light receiving element. As 
indicated in the present example, forming two or more 
marker detecting regions 24 within the semiconductor light 
receiving element makes it easy to detect the angle within 
the horizontal plane. 

FIG. 5 illustrates another structure example of 
the semiconductor light receiving element utilizing the 
present embodiment. FIG. 5 is a cross sectional view taken 
perpendicularly to the incoming signal light. 
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In the present example, while relatively ensuring 
accuracies Wa, Wb with reference to a light receiving 
region 27, space regions themselves in which the light 
absorbing layer 19 has been eliminated are utilized as the 
5 positioning markers on the side of the semiconductor light 
receiving element. Usually, Wa, Wb are set to be identical 
in length. The reason why the two lengths Wa, Wb are used 
is to absorb an error such as an expansion of the size of 
the marker itself attributed to an optical aberration at 

10 the time of the measurement or a difference in diffraction 
of light at the time of the light exposure, which are 
likely to happen when the marker is provided at one 
location only and an attempt is made to perform positioning 
in accordance with only the distance from the marker. 

15 Utilizing the relative accuracies Wa, Wb as in 

the case of the present example, the marker detecting 
regions 24 are formed at two locations and boundary regions 
between the light absorbing layers 19 and the marker 
detecting regions 2 4 are detected, making it possible to 

20 measure the position of the semiconductor light receiving 
element with a high accuracy. 

Also, as illustrated in FIG. 6, markers 23 on the 
optical module substrate 2 6 may be formed so that, when the 
positioning is performed, they may be each positioned 

25 within the marker detecting regions 24 illustrated in FIG. 
5 the relative accuracies of which have been secured. With 
the configuration like the present example, it becomes 
possible to observe both the marker detecting regions 24 
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and the markers 23 simultaneously and with a high accuracy , 
thus allowing the mounting with a high position accuracy. 

Also, as illustrated in FIG. 11, the following 
configuration is possible: Light receiving element-side 
5 markers 2 8 are each provided within a respective one of a 
pair of marker detecting regions 24 formed in the semicon- 
ductor light receiving element. Then, positioning is 
performed so that each of the light receiving element-side 
markers 28 and a substrate-side marker 23 corresponding 
. 10 thereto may satisfy a predetermined relative position 
5;3 relationship . 

iU 
! 11 

Si% [Embodiment 2] 

?ji FIG. 7 illustrates a structure of an embodiment 

of an optical module in which the edge emitting/ incidence 

f Is 

;'f 15 type light receiving element according to the present 
^;:f invention is employed. 

Cil In the present embodiment, using a passive 

alignment method, an edge emitting/incidence type light 
receiving element 31 of the present invention is flip-chip 

2 0 mounted on a V-shaped groove substrate 37 having an 

insulating film 34 and an electrical wiring 32. Here, the 
edge emitting /incidence type light receiving element 31 
used is an element that has a n type electrode on one 
surface and a p type electrode on the opposite side. For 

25 the connection of the edge emitting/incidence type light 
receiving element 31 with the electrical wiring 32, AuSn 
solder has been used. 



Moreover , in the present embodiment , at two 
locations on the right and the left sides of the light 
receiving surface of the edge emitting/ incidence type light 
receiving element 31 , there are provided marker detecting 
regions 24 formed by vacating the light absorbing layer 19. 
In addition, a pair of markers 23 are provided on the V- 
shaped groove substrate 3 7 so that they are each positioned 
within the respective regions of these marker detecting 
regions 24, when the edge emitting/ incidence type light 
receiving element 31 is positioned. 

These configurations bring about a structure that 
makes it possible to measure positions of the edge 
emitting/ incidence type light receiving element 31 and the 
V-shaped groove substrate 37 with a high accuracy, and to 
accomplish the positioning of the both with a high 
precision. 

According to the present embodiment, detection 
accuracies of the both fall within ±0.1 /im, and thus 
mounting accuracy has been suppressed down to within ±1.0 
jum. Also, as a light reception sensitivity of the semicon- 
ductor light receiving element 31 for the light of 1.3 //m, 
a higher value of 0.85 A/W has been obtained. 

[Embodiment 3] 

FIG. 8 illustrates a structure of another embodi- 
ment of an optical module in which the edge emitting/ 
incidence type light receiving element according to the 
present invention is employed. 



In the present embodiment, using the passive 
alignment method, the semiconductor laser 41 and the edge 
emitting/ incidence type light receiving element 31 of the 
present invention are flip-chip mounted on the V-shaped 
groove substrate 37 having the insulating film 34, an 
electrical wiring 32 for a monitoring light receiving 
element and an electrical wiring 42 for the semiconductor 
laser. Here, the edge emitting/ incidence type light 
receiving element 31 used is an element that has a n type 
electrode on one surface and a p type electrode on the 
opposite side. For the connection of the edge emitting/ 
incidence type light receiving element 31 with the 
electrical wiring 32, AuSn solder has been used. 

Moreover, in the present embodiment, at two 
locations i.e., on the right and the left sides of the 
light receiving surface of the edge emitting /incidence type 
light receiving element 31, there are provided the marker 
detecting regions 24 formed by vacating the light absorbing 
layer 19. In addition, the pair of markers 23 are provided 
on the V-shaped groove substrate 3 7 so that they may be 
each positioned within the respective regions of these 
marker detecting regions 24, when the edge emitting/ 
incidence type light receiving element 31 is positioned. 

These configurations bring about a structure that 
makes it possible to measure positions of the edge 
emitting/incidence type light receiving element 31 and the 
V-shaped groove substrate 37 with a high accuracy, and to 
accomplish the positioning of the both with a high 
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precision. After that, the optical fiber 38 with a flat 
end has been fixed to the V-shaped groove. 

According to the present embodiment, position 
deviations at the time of mounting the respective elements 
and at the time of fixing the optical fiber have been 
suppressed down to within ±1 /zm. Thus, an optical 
coupling loss between the semiconductor laser 41 and the 
monitoring edge emitting/ incidence type light receiving 
element 31 has been found to be 2 to 3 dB. Also, as a 
monitoring current at the time of the outside output of 
lmW, a satisfactory value of 400 //A has been obtained. 

[ Embodiment 4 ] 

FIG. 9 illustrates a structure of an embodiment 
of a packaged light receiving module in which the edge 
emitting/ incidence type light receiving element in the 
present invention is employed. 

In the present embodiment, using a passive 
alignment method, the signal-receiving edge emitting/ 
incidence type light receiving element 55 of the present 
invention is mounted on the V-shaped groove substrate 54. 
Furthermore, in order to heighten the sensitivity, the 
signal-receiving preamplifier IC 56 has been also mounted 
on the V-shaped groove substrate 54. After that, an 
optical fiber 52 for signal light incidence is placed and 
is fixed to the base 53 formed of ceramic, then being 
lidded by the cap 51. 

The transmission of an optical module fabricated 



according to the present embodiment was evaluated and has 
shown that, in a burst transmission with a signal light 
wavelength of 1.3 JULm and a transmission rate of 50 Mb/s, 
the minimum light reception sensitivity at an error ratio 
of the minus eighth power of 10 has been found to be -38 
dBm, which is quite satisfactory. 

Incidentally, instead of the base 53 and the cap 
51 formed of ceramic, the ones formed of resin, or a resin 
transfer molding may be employed. Further, a sending and a 
sending/receiving optical module that uses an edge 
emitting/incidence type light receiving element according 
to the present invention may be packaged. 

[Embodiment 5] 

FIG. 10 illustrates an embodiment of an optical 
transmission apparatus in which an edge emitting/incidence 
type light receiving element according to the present 
invention is employed. 

In the present embodiment, mounted on the board 
62 are the light receiving module 64 in which an edge 
emitting/ incidence type light receiving element according 
to the present invention is mounted and is equipped with 
the signal light-incoming optical fiber 63, and the signal- 
receiving IC 61 and the other electronic components. 

The transmission of the optical transmission 
apparatus fabricated according to the present embodiment 
was evaluated. In a burst transmission with a signal light 
wavelength of 1.3 p.m and a transmission rate of 50 Mb/s, 
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the minimum light reception sensitivity in an error ratio 
of the minus eighth power of 10 was found to be -38 dBm, 
which is quite satisfactory. 

Incidentally, instead of the above-described 
5 light receiving module, a light sending module and a light 
sending/receiving module in which an edge emitting/ 
incidence type light receiving element according to the 
present invention may be integrated. 

INDUSTRIAL USABILITY 

According to the present invention, it becomes 
possible to perform the positioning of edge emitting/ 
incidence type semiconductor light receiving elements onto 
an optical device with a high accuracy, thus allowing a 
high optical coupling to be easily embodied without using 
an optical lens. Accordingly, by taking advantage of edge 
emitting/incidence type semiconductor light receiving 
elements according to the present invention, it becomes 
possible to fabricate a low cost optical module and a low 
cost optical transmission apparatus without undergoing 
complicated mounting processes. 



10 



15 



20 



